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VEHICLE SOUND SYNTHESIZER 

Cross-Reference to Related Applications 

[0001] This application is a divisional of prior U.S. Patent Application 
No. 09/612,041, filed on July 7, 2000, pending, which is incorporated by reference herein. 

Background of the Invention 

Field of the Invention 

[0002] The present invention is in the field of sound synthesizers that produce sounds to 
simulate the sounds produced by an automobile or other motorized vehicle. 

Description of the Related Art 

[0003] Racing car games are available for use with televisions and computers. 
Driving simulators have become popular recently. For such games and simulators, 
synthesizers have been employed to produce engine sounds (e.g., engine firing soimds or 
driving soimds, including mechanical sounds and intake/exhaust sounds) to improve the 
impression that the "driver" is driving a real car. Conventionally, a so-called actual soimd 
loop reproduction method has been commonly used for synthesizers. In such 
conventional synthesizers, several seconds of actual driving soimds (e.g., engine soimds) 
are recorded as a digital data during a normal operational state. Such drive sound data 
(i.e., engine sound data) is repetitively played by altering the pitch and sound volume 
depending on the operational state of the game or simulation. 

[0004] In an exemplary system, the drive sound data in such an actual sound loop 
reproducing method is sampled at a sampling rate (i.e., a sampling firequency) of 
44.1 kHz. Thus, a sound pressure value of the sampled sound is transmitted firom an 
engine at a cycle (i.e., period) of about 2,268x10"^ second. The sequential group of sound 
pressure data sampled at this particular cycle is considered to be digital data for engine 
sound pressure waveforms (i.e., the sound data represented as the digital signal). A 
greater sampling rate can be used so that the reproduced sound pressure waveform is 
closer to the sound pressure waveform of the actual driving sound. 

[0005] In reproducing such driving data as a driving sound corresponding to an 
operational state (i.e., an engine speed or an acceleration rate) of a vehicle, if a speed of 
the simulated drive unit at a particular operational state to be reproduced matches a speed 



the simulated drive unit at a particular operational state to be reproduced matches a speed 
of the actual drive imit at the normal operational state that is recorded as a digital signal, 
soimd pressure waveforms that are the same as the driving sound at the normal 
operational state can be reproduced by reproducing the recorded sequential soimd 
pressure data at the same reproduction rate as the sampling rate (namely, at the same 
reproduction cycle as the sampling cycle). 

[0006] Conversely, for an operation to increase the revolution speed of the drive unit, 
the pitch of the reproduced sound is elevated to a higher pitch than the pitch of the actual 
driving sound that was recorded as a digital signal at the normal operational state. The 
increase in pitch is accomplished by elevating the sound reproduction rate (i.e., by 
shortening the reproduction cycle to elevate the reproduction frequency) and by 
increasing the frequency of the reproduction of the stored sequential soimd pressure data 
by shortening the waveform in a time axis. 

[0007] Further, for an operation to decrease the revolution speed of the drive unit, the 
soimd is reproduced by modifying the pitch in proportion to the pitch of the decreasing 
speed of the drive unit by reducing the sound reproduction rate. 

[0008] In this actual sound loop reproduction method, the sound can be reproduced 
as close to the actual sound as possible under the normal operation pattem which is 
proximate to the actually recorded speed of the drive unit. However, the sound 
reproduction is not so successful in a transitional period between two operational states 
and for other operational states beyond the particular operational state of the actually 
recorded sound. The reproduced sound turns out to be an unnatural sound even if the 
pitch and sound volume are modified. 

[0009] A conventional solution for this problem is to record various types of actual 
driving sounds as drive sound data for a duration of several seconds. Particular drive 
sound data recorded at a particular operational state is selectively read out if it matches 
or if it is at least proximate to an operation corresponding to a certain driving operation. 
Then, this drive sound data for several seconds is repetitively reproduced by altering the 
pitch or volume. However, the storage of such various types of actual driving sounds 
leads to an increased capacity of the memory means. The expanded capacity of the 
memory means is an obstacle to providing inexpensive products. 

[0010] In addition, such a conventional actual sound loop reproduction method 
requires the storage of different types of the engine sound depending on the number of 



cylinders and alignment of the cylinders. Such a requirement leads to an increase in the 
required memory capacity and to increased manufacturing costs. 

[001 1] There is another recent trend for the TV games and computer games. In such 
a recent trend, the game machines and personal computers are connected to a server 
through a commxmication line by which two operators can play against each other on 
line. For such online type games, pictures and soimd data that require enormous memory 
capacity and thus tend to delay the progress of the game are previously stored in the 
game machines and personal computer. 

[001 2] For the online games in which two players play against each other through the 
communication lines, if the sound data capacity is increased, it takes more time to 
transfer the data. For example, for two seconds of data of 16-bit stereo data at a 
44.1 kHz sampling frequency, the required memory capacity is approximately 353 
kBytes. If such data is transferred at a rate of 64 kbps, it takes about three quarters of a 
minute to complete the transfer. In addition, plural segments of transferred sound data 
typically need to be transferred. As a result, it requires a long transfer time before the 
game actually begins. Thus, for the vehicle operating game, it is difficult to switch the 
type of synthesized sound when changing it to another game. 

[0013] Conventionally, for the online games, the soxmd data is stored in advance in 
the game machines and personal computers from CD-ROMs and floppy disks. However, 
it may be sometimes overwhelming for a player to store each sound data because the 
player most likely plays a large number of different games. In addition, such sound data 
occupies major portions of the memory device of the game machines and personal 
computers. 

Summary of the Invention 

[0014] One aspect of the present invention is a sound synthesizer for a vehicle that 
includes a driving operation detector that detects an operation amount of a driving 
operation input device by a driver. A speed calculator calculates a revolution speed of a 
drive unit based on the detected operation amount. A soimd controller outputs a sound 
control signal based on an input of the operation amount and based on the revolution 
speed. A memory stores drive sound data in advance. A synthesized sound output 
generator reads out drive soimd data from the memory and outputs a voltage signal 
corresponding to a sound pressure signal. The memory divides the operational state of 
the drive xmit into plural stages by using the operation amount and the revolution speed 
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as parameters. The memory stores each driving sound which is recorded in the middle of 
each operational period as digital data of the driving soimd at a wavelength of a sound 
pressiu-e waveform which is substantially the same as a cyclic sound interval of the drive 
unit. The sound controller outputs sound control signals so that drive sound data within 
a range of an operational state corresponding to the inputted operation amount and the 
revolution speed is repetitively played. Preferably, the drive xmit is a multiple cylinder 
intemal combustion engine, and the cyclic sound interval refers to a firing interval 
between each cylinder of the intemal combustion engine. Also, preferably, the memory 
stores sound pressure waveforms as driving data. The sound pressure waveforms have 
substantially the same wavelength as the cyclic sound interval of the drive unit, and the 
soimd controller outputs sound control signals so that drive sound data is played at an 
interval corresponding to the cyclic sound interval of the drive unit. Preferablyj the 
sound control signals are repetitively outputted at an interval corresponding to the cyclic 
sound interval of the drive unit and are controlled so that at least one of the soimd 
volume, pitch or tone of the drive sound data read from the memory is modified. 
Preferably, a reproduction rate for converting digital data to analog data varies depending 
on a ratio between an actually recorded engine speed and calculated engine speed, hi 
particularly preferred embodiments, the drive sound data for generating the sound 
pressure waveforms stored in the memory is prepared at a server connected to the sound 
synthesizer through a communication line, and the drive sound data is transmitted to the 
memory from the server through the communication line. 

[0015] Another aspect of the present invention is a sound synthesizer for a vehicle 
having a driving operation detector that detects an operation amount of a driving 
operation input device activated by a driver. A speed calculator calculates a revolution 
speed of a drive imit based on the detected operation amount. A sound controller outputs 
a sound control signal based on an input of the operation amount and the revolution 
speed. A memory stores drive sound data in advance. A synthesized sound output 
generator outputs drive soimd data from the memory and outputs a voltage signal 
corresponding to a sound pressure signal. The memory divides the operational state of 
the drive unit into pliu-al stages by using the operation amount and the revolution speed 
as parameters. The memory stores each driving sound, which is recorded in the middle 
of each operational period as digital data of the driving sound at a wavelength of a sound 
pressure waveform which is substantially the same as a cyclic sound interval of the drive 



unit. The sound controller is arranged to output sound control signals so that the drive 
sound data corresponding to the revolution speed and the cyclic interval of the drive unit 
is repetitively played. The drive sound data with a unit of the sound pressure waveform 
stored in the memory is prepared at a server that is connected to the sound synthesizer 
through a communication line, and at the time of use, the drive soimd data is transmitted 
to the memory from the server through the commimication line. Preferably, the drive 
unit is an intemal combustion engine, and the cyclic sound interval refers to a firing 
interval between each cylinder of the intemal combustion engine. 

[0016] Another aspect of the present invention is a method of generating synthesized 
sounds corresponding to sounds generated by operating a vehicle under varying 
acceleration conditions and operating speeds. In accordance with the method, a plurality 
of sounds at a plurality of operational states of the vehicle are recorded. The operational 
states are determined by the acceleration conditions and the operating speeds of the 
vehicle. The recorded sounds are digitized to produce sound data representing the 
recorded soimds. The sound data are stored in memory locations indexed by the 
acceleration conditions and the operating speeds at which the soimds were recorded. The 
sound data are output from the memory locations indexed by simulated acceleration 
conditions and operating speeds. The soimd data output from the memory locations are 
converted to audible sounds to simulate the operation of the vehicle. 

Brief Description of the Drawings 

[0017] The present invention will be described below in connection with the 
accompanying drawing figures in which: 

[0018] Figure 1 illustrates a block diagram of one preferred embodiment of the 
vehicle sound synthesizer of the present invention; 

[0019] Figure 2 illustrates an example of data stored in the memory means in the 
sound synthesizer shown in Figure 1; 

[0020] Figure 3 illustrates an example of engine soimd pressure waveforms of each 
data in the memory as shown in Figure 2 that are actually recorded at each operational 
state; 

[0021] Figure 4 illustrates how the acceleration degree and engine speed fluctuate 
with time during the rapid acceleration/deceleration periods; 



[0022] Figure 5 illustrates the different orders in which the engine sound data stored 
in the memory in accordance with Figure 2 are read at each rapid acceleration and rapid 
deceleration period; 

[0023] Figure 6 illustrates an example of control signals outputted from the soimd 
controller of the soimd synthesizer of Figure 1 ; 

[0024] Figure 7, comprising Figures 7A and 7B, illustrates sound waveforms of the 
synthesized engine sound when a reproduction rate for converting digital data to analog 
data is not changed (Figure 7A) and is changed (Figure 7B) at the time when the 
synthesized engine sound is outputted from the sound control means of the sound 
synthesizer of Figure 1 ; 

[0025] Figure 8 illustrates a perspective view of an exemplary arcade game machine 
into which the sound synthesizer of the present invention is incorporated; 
[0026] Figure 9 illustrates a pictorial view of an electric automobile into which the 
sound synthesizer of the present invention is incorporated; 

[0027] Figure 10 illustrates an example of an online game that uses personal 
computers with the built-in soimd synthesizers in accordance with the present invention; 
[0028] Figure 1 1 illustrates a block diagram of the preferred embodiment of the 
vehicle sound synthesizer of Figure 1 interconnected with a server that provides sound 
data to download to the memory within the synthesizer; 

[0029] Figure 12 illustrates a flowchart in which the online games are played by 
using personal computers with the built-in sound synthesizers in accordance with the 
present invention; and 

[0030] Figure 13 illustrates arcade game machines with the built-in sound 
synthesizers in accordance with the present invention and interconnected with a server to 
enable games to be downloaded from the server to the game machines. 

Detailed Description of the Preferred Embodiment 

[0031] In the following, one preferred embodiment of a vehicle sound synthesizer in 
the present invention is described in reference to the drawings. 

[0032] As illustrated in Figure 1, a sound synthesizer 1 comprises an operation input 
device 2, an operation detector 3, an engine speed calculator 4, a sound controller 5, a 
memory 6, and a synthesized sound output generator 7. The sound synthesizer 1 further 
includes a communication controller 8 and memory storage controller 9 such that drive 



sound data is stored in the memory 6 through a commimication line from an extemal 
source (not shown). 

[0033] In the soimd synthesizer 1, synthesized sound is played by a speaker 12 
through an amplifier (not shown). An engine speed signal is outputted from the engine 
speed calculator 4 in response to an operation signal outputted from the operation 
detector 3. The operation signal is based on an operation amount from the operation 
input device 2 that is operated by a driver (i.e., a user). The sound synthesizer 1 outputs 
a sound control signal from the sound controller 5 based on the engine speed signal 
transmitted from the engine speed calculator 4 and based upon the operation signal 
transmitted from the operation detector 3. The synthesized sound output generator 7 
processes sound data stored in the memory 6 based on the sound control signal and then 
outputs a voltage signal corresponding to the processed sound data. A more specific 
embodiment is described in the following in reference to an automobile as a subject 
vehicle. 

[0034] The operation input device 2 can take various types of forms depending on 
usage. For example, a keyboard or mouse is considered to be the operation input device 
for computer games. For home TV game machines, buttons and operational receivers 
are considered to be the operation input device. For racing games or driving simulators 
in arcade game machines, acceleration pedals, brake pedals and shift levers are 
considered to be operation input devices. 

[0035] The operation detector 3 detects operational amounts corresponding to 
magnitudes of acceleration, magnitudes of braking, and shift positions and provides an 
acceleration signal, a braking signal and a shift position signal to the engine speed 
calculator 4 and the soimd controller 5. 

[0036] The engine speed calculator 4 calculates an engine speed (i.e., revolution 
speed) that allows balanced running resistance with engine power (i.e., driving power) 
based on an operation signal in response to the acceleration magnitude (i.e., operational 
amoimt) detected by the operation detector 3 and in response to a power characteristic of 
the engine (drive unit) that is pre-recorded in a memory device (not shown). 
[0037] The sound controller 5 outputs a sound control signal to the synthesized 
sound output generator 7 based on the acceleration signal, the braking signal and the shift 
position signal (i.e., the operation signals) from the operation detector 3. The 
synthesized soimd output generator 7 is responsive to the sound control signal from the 



sound controller 5 and reads data representing the engine sound (i.e., driving sound) 
from the memory 6. The driving sound comprises engine firing sound, mechanical 
sound and intake/exhaust sounds that are pre-recorded in the memory 6. The sound 
output generator 7 outputs a voltage signal that corresponds to a sound pressure signal of 
the engine sound data. 

[0038] Li advance of the operation of the synthesizer 1, the memory 6 stores 
actually-recorded engine sound as engine sound data. In an embodiment illustrated by a 
data storage layout table shown in Figure 2, the engine operational condition is divided 
into plural stages by using the acceleration degree and the engine speed as parameters. 
As shown in Figure 3, actual engine sound (the engine firing sound, mechanical sound 
and intake/exhaust soimd) recorded in the middle of each period is formed as digital data 
at a imit of a wavelength of the sound pressure waveform matching the firing interval 
between each cylinder. 

[0039] For each engine soimd data, the actual engine sound is recorded by 
appropriate methods. For example, microphones can be set at the outside of a vehicle, or 
microphones can be set inside an automobile to detect sounds as if the soimds are heard 
by a driver. For a motorcycle, a microphone is installed inside a cyclist's helmet for the 
recording. Then, for each recorded actual engine sound, a short version of the sound is 
respectively extracted for further processing into data. 

[0040] Further, as illustrated by the table in Figure 2, the engine sound data for each 
engine operational stage is produced for each gear shift position including a reverse 
position for each automobile model. Thus, as shown in Figure 2, the memory 6 stores 
plural data for each shift position for each automobile model that is needed. 
[0041] The following describes the reading of the engine sound data stored in the 
memory 6. During rapid acceleration/deceleration periods of the actual engine operation, 
the acceleration degree and engine speed fluctuate independently. If the rapid 
acceleration and deceleration are performed with the gear fixed, as shown in Figure 4, 
there is a time lag between the elevation of the engine speed and the elevation of the 
degree of acceleration due to the inertia of an engine flywheel and due to the inertia of 
the vehicle body. Namely, the intake/exhaust sounds of the engine start changing as the 
acceleration degree increases. The mechanical sound of the engine does not change 
when the acceleration degree increases; although, it changes as the engine speed starts 
fluctuating. 



[0042] Thus, during the rapid acceleration period, the intake and exhaust sounds 
dominate at the beginning. Then, as the engine speed increases, the engine mechanical 
sound becomes loud. Conversely, during the rapid deceleration period, the intake and 
exhaust sounds first decreases. The engine mechanical soimd becomes smaller as the 
engine speed starts decreasing. Further, during a racing period, since there is no inertia 
of the vehicle body, the response of the engine speed relative to the acceleration degree 
becomes faster than the response during rapid acceleration/deceleration periods. 
However, the basic phenomenon remains the same. 

[0043] The present invention is designed to cause the synthesized engine soimd to 
change in as close a manner as possible to the actual sound alteration of an actual engine. 
More specifically, in the present invention, when the rapid acceleration/deceleration 
operations are conducted in the sound synthesizer 1, the sound control signals cause the 
engine sound data to be read out from the memory 6 in an order that more closely 
simulates the actual engine sounds. For example, for rapid acceleration followed by 
rapid deceleration, the data stored in the memory 6 (represented by the table in Figure 2) 
are read out in a different order. In particular, as illustrated in Figure 5, the engine 
operational state shifts along the lines 1-1 9-24-6- 1 . 

[0044] Furthermore, for the gradual acceleration/deceleration, in reality, a force to 
accelerate the engine flywheel and the vehicle body becomes so small that it may be 
ignored. The gradual acceleration/deceleration can be performed with substantially the 
same acceleration degree. Thus, each engine sound data is read out in order in response 
to the sound control signals, and the engine operational state shifts along lines 1-24-1, as 
shown in Figure 5. 

[0045] The sound control signals conmiand the synthesized soimd output generator 7 
to read the engine sound data from the memory 6 depending on the engine operational 
state. The engine data under each engine operational state stored in the memory 6 has 
each sound pressure waveform matching the firing interval between each cylinder. In 
order to reproduce data having such extremely short sound pressure waveforms as the 
engine sound, the engine sound data are played at the interval matching the firing 
interval between each cylinder. 

[0046] Examples of such sound control signals are the MIDI (Musical Instrument 
Digital Interface) sound control signals. MIDI is the world standard format for the 
electronic instrument play data regulated by Intemational Midi Association for 



commiinicating the music information of electronic instruments. The engine sound data 
is primarily read to the synthesized soimd output generator 7 based on velocity specified 
by the sound control signals and musical intervals (which, in a MIDI device used to 
emulate a keyboard instrument, for example, is responsive to a depressing speed of a key 
of the keyboard instrument to control the sound volume), and is thereby outputted as 
voltage signals from the synthesized sound output generator 7. 

[0047] The sound control signals in the MIDI standard require 30 bits per each 
command. The communication speed is 31.25 kbps, thus providing a capacity to send a 
maximum of 1,042 commands per second. However, it is necessary to send two 
commands, ON and OFF, when producing sounds. Thus, the limit for producing the 
sound control signals is about 521 sounds per second. 

[0048] The production of about 521 sounds per second is equivalent to an engine 
speed of approximately 15,630 rpm for a four-cycle engine having four-cylinders. Thus, 
521 sounds per second is sufficient for producing normal engine sounds. However, 521 
sounds per second are not enough when using plural cylinder engines, such as 
Formula-One (F-1) engines, that produce high ranges of sound, or when plural vehicle 
sounds are produced simultaneously, or when music is played. For a solution, one sound 
control signal is arranged to produce plural sounds at a random interval. However, since 
this is beyond the control of the normal MIDI command, a new function needs to be 
added. 

[0049] With respect to this point, for example, the sound source and sound control 
signal in the sound synthesizer 1 are conformed to the MIDI standard. Further, another 
function is added in which the engine soimd read from the memory 6 by one sound 
control signal is played for plural times for a specified duration. With an inexpensive 
MIDI sound source imit, the engine sound is produced with a shorter time interval than 
an interval restricted by the communication speed of the MIDI standard. With this 
arrangement, the synthesizing of the high speed sound created by the F-1 plural cylinder 
engines can be produced. 

[0050] Figure 6 illustrates the soimd control signals outputted from the soimd 
controller 5. In this embodiment, for each engine sound data for each operational state, if 
a sound control signal with a wavelength matching a firing interval of each cylinder is 
repetitively outputted, two kinds of sound signals having different pitch are outputted 
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simultaneously with different sound volume. Thereby, the sound volume, pitch and tone 
are modified per each sound control signal at each time. 

[0051] In particular, if engine sound data during a certain operational state is viewed, 
as illustrated in Figure 3, actual engine sound represents unstable fluctuated sound 
pressure waveforms per each fluctuating firing. The fluctuation of the sound pressure 
waveforms provides various soimds, unlike monotone sounds such as a buzzer. If only 
one sound pressure waveform with a length corresponding to a firing interval of each 
cylinder is randomly extracted and simply repeated, the synthesized engine soimd 
becomes monotone, compared with the actual engine sound. 

[0052] Upon consideration of such disadvantage, in this embodiment, plural sound 
signals with different pitch are outputted simultaneously with different rates. The read- 
out engine sound data is controlled so that the soimd volume, pitch and tone fluctuate per 
each sound control signal, causing fluctuations to the reproduced sound that are repeated 
short sound pressure waveforms. As a result, the synthesized engine sound, which is 
produced based on the engine sound data within a certain operational state, sounds more 
natural. 

[0053] Furthermore, in this embodiment, when digital data read firom the memory 6 
is outputted by the synthesized sound output generator 7 as a voltage signal 
corresponding to the sound pressure waveform, a reproduction rate is changed when the 
digital data is converted to analog data depending on a ratio between the actually 
recorded engine speed and the calculated engine speed. 

[0054] In particular, as illustrated in Figure 7A, if each engine sound data recorded in 
the middle of each operational state is reproduced at the same rate no matter where the 
engine speed is located within the particular operational state as it moves to the next state 
fi-om one operational state, the pitch of the synthesized engine sound changes drastically. 
However, in the present invention, the reproduction rate is modified depending on the 
calculated engine speed. Thereby, as illustrated in Figure 7B, the pitch of the 
synthesized engine sound remains imchanged as much as possible at a border of two 
different operational states. 

[0055] According to the above-described sound synthesizer 1 in the present 
invention, various types of synthesized engine sounds can be created for various types of 
engine operational states. Further, the engine sound data stored in the memory 6 has the 



same very short wavelength as the firing interval between each cylinder. Therefore, a list 
of those various types of engine sound data does not increase the memory capacity. 
[0056] Furthermore, the hardware required for the sound synthesizer 1 does not 
differ much fi'om the hardware used for the conventional actual sound loop reproduction 
method. Thereby, existing synthesizers can be utilized. 

[0057] hi this embodiment, the engine soimd data is repetitively played by using the 
sound pressure wavelength matching the firing interval between each cylinder. The 
same engine sound data can be utilized for producing the synthesized sound for engines 
with different number of cylinders and different cylinder alignment if a different method 
for controlling the sound play intervals is adopted. 

[0058] In this embodiment, the sound control signals that are repetitively outputted at 
the interval corresponding to the firing interval between each cylinder are controlled, 
whereby the soxmd volume, pitch and tone of the engine sound data at each operational 
state that are read from the memory 6 can be modified at random per each transmission 
of the soimd control signals. Although the synthesized engine sound is reproduced by 
repeating one engine sound data recorded at one particular engine operational state, the 
produced soimd containing dispersed firing are widely accepted as the natural engine 
noise. 

[0059] In this embodiment, when digital data read from the memory 6 are outputted 
by the synthesized sound output generator 7 as a voltage signal corresponding to the 
sound pressure waveform, a reproduction rate is changed when the digital data is 
converted to analog data depending on a ratio between the actually recorded engine 
speed and calculated engine speed. With this arrangement, the same pitch can be 
sustained in the border of two adjacent operational states. Thereby, the transition of the 
synthesized sound from one operational state to another state can become smooth and 
natural. 

[0060] In this embodiment, the engine sound data stored in the memory 6 has a 
soimd pressure wavelength that substantially corresponds to the firing interval between 
each cylinder. For example, even if this wavelength is slightly longer or 2-3 times longer 
than the firing interval, as long as it is apparently different from the actual sound in a 
duration of a few seconds, the arrangement of this embodiment is available. 
[0061] In this embodiment, the sound volume, pitch and tone of the synthesized 
sound is randomly modified in order to imitate the actual engine sound as much as 



-12- 



possible. In addition, the reproduction rate can be modified depending on the engine 
speed calculated by the system. This additional requirement may be omitted depending 
on how close the engine synthesized sound is to the actual soimd. 

[0062] The above-described sound synthesizer 1 can be employed for various 
purposes. For example. Figure 8 illustrates an arcade game machine used in the game 
center. An arcade game machine 10 or an automobile racing game comprises a display 
screen 1 1, a speaker 12, a shift lever 13, an acceleration pedal 14 and a brake pedal 15. 
The sound synthesizer 1 is installed in this machine with the shift lever 13, the 
acceleration pedal 14 and the brake pedal 15 corresponding to the operation input device 
2 of Figure 1. The synthesized engine sound is played through the speaker 12 with the 
quality as close to the actual engine sound as possible. 

[0063] Figure 9 shows an automatic electric car 20 driven by an electric motor 
powered by an on-board battery. The electric car 20 includes an acceleration pedal 21 
and brake pedal 22 as the operation input devices. Further, a power unit 23 (the electric 
motor and the transmission unit) is also located on-board the car 20. In addition, each 
type of electronic circuit, including a controller of the power imit and an electronic 
control unit 24, including CPU, memory and amplifier, is also provided. 
[0064] The electric car 20 also includes a speed detector 25, an extemal load detector 
26, a surrounding noise detector 27 for detecting noise around the vehicle, a load 
detector (not shown) for detecting how much the acceleration pedal 21 is depressed, and 
a braking force detector (not shown) for detecting how much and how fast the brake 
pedal 22 is depressed. These detectors deliver signals to a power unit controller inside 
the control unit 24. The speed detector 25 detects the speed of the automobile by 
recognizing the moving direction, forward or rear, based on the rotating direction of the 
front wheels. The extemal load detector 26 detects the inclination in the forward/rear 
directions and flat miming condition of the vehicle body. 

[0065] For such an electric car 20, the soimd synthesizer 1 as described in this 
embodiment is installed in the control omit 24. The acceleration pedal 21 and brake 
pedal 22 are considered to be the operation input devices. The speed detector 25, 
extemal load detector 26, braking force detector and load detector are considered to be 
the operating amount detector. The synthesized engine soimd is played by each 
amplifier inside the control unit 24 through speakers 28 aimed to the outside of the 
automobile and another speaker 29 aimed to the inside at an appropriate sound volume 
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depending on detected results from the surrounding noise detector 27. With the above- 
described arrangement, the synthesized engine noise coming from the speakers becomes 
as real as possible. 

[0066] Furthermore, since electric automobiles and electric motorcycles are very 
quiet on the road surfaces, pedestrians often do not hear the usual engine soimd. Thus, 
they often cannot detect possible hazard. For the public safety, it may be required to 
install an engine sovmd synthesizer as described in the foregoing. 

[0067] It should be understood that the present invention is not limited to the 
arrangement of the present invention. For example, the present invention may be applied 
to develop and design engine noise that is perceived as pleasant sound by people. 
Further, the present invention may be applicable to TV games, computer games, 
simulators, automobiles, motorcycles, airplanes, or ships. 

[0068] In case of motorcycles, the throttle grip may be used as the operation input 
device. For airplanes, the throttle lever may be used as the operation input device. For 
personal computer games, the keyboard and mouse may be used as the operation input 
device. 

[0069] Figxu-e 10 illustrates the online game by using general personal computers 
111. The computers 111 used in the game are connected to a common server 110 by a 
communication link, such as, for example, a telecommunications system, the intemet, or 
the like. In each hard disk of each computer 111, the same game software program is 
downloaded from the server 1 10 or downloaded from CD-ROMs or floppy disks. 
[0070] As illustrated in Figure 1 1 (which corresponds to Figure 1 with the addition 
of the server 110), the server 110 communicates with the communication controller 8 in 
each sound synthesizer 1 within each computer 1 1 1 to provide sound data to store in the 
memory 6 via the memory storage controller 9. Each keyboard and mouse associated 
with the respective computer 111 works as the operation input device 2 or the operation 
detector 3. The CPU of the computer 111 works as the speed calculator 4 and the sound 
controller 5. The soimd synthesizer 1 is assembled into the personal computer 1 1 1 in the 
hardware of the personal computer 111. 

[0071] Figure 12 is a flowchart illustrating the procedure of the online game. The 
game is initiated by retrieving the game from the hard disk. Before starting the game, a 
player selects a vehicle of choice as illustrated by a block 121. Then, as illustrated by a 
block 122, the player checks whether drive sound data corresponding to the vehicle of 
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choice is stored in the memory 6 in the sound synthesizer 1 in the player's computer 111 
(i.e., in the hard disk of the player's computer 111). 

[0072] Then, as illustrated by a decision block 123, if the necessary drive sound data 
is foimd to be already stored in the memory 6, the online game begins by running the 
synthesized sound generation in a block 124 in combination with the visual effects of the 
game. If, in the decision block 123, the necessary drive sound data is not found in the 
memory 6, then, in a block 125, the player initiates communications with the server 110 
through the communication line to download the drive sound data stored in the server 
110 and store the data into the hard disk of the player's computer 111 (i.e., the drive 
sound data is stored in the memory 6), as illustrated by a block 126. Thereafter, play of 
the game is initiated, as illustrated by the block 124. The drive sound data stored in the 
memory 6 (hard disk ) is reusable and erasable. 

[0073] When a segment of the game is completed, the system checks to determine 
whether the game is completed in a decision block 128. If the game is not completed, 
the player is again presented the opportunity to select a vehicle in the block 121, and the 
system will then proceed as described above. Otherwise, if the system determines that 
the game is completed in the decision block 128, the game ends. 

[0074] According to the present invention, the synthesized engine sound is played at 
the tone as close to the real engine soxmd as possible by using the engine sound data 
downloaded from the server 110 based on the operation signals and the engine speed 
signals. As discussed above, the engine sound data requires a very short recording time 
that matches the firing interval between the cylinders. For example, for a four-cycle, 
four-cylinder engine operating at 1200 rpm, the required duration of the engine sound 
data is only 0.25 seconds. Compared with the conventional actual sound loop 
reproduction method, the data volume becomes about 1/100 in the present invention. 
[0075] For the online games, the necessary engine sound data can be downloaded at 
a very short time from the server through a telephone line. Thereby, users can select any 
kind of data from many selections and enjoy versatile sound effect of the online games. 
[0076] Furthermore, as shown in Figure 13, the present invention is applicable for 
arcade game machines 12. The arcade game machines 12 simulate automobiles and are 
equipped with the shift levers, acceleration pedals and brake pedals, which are 
considered to be the operation input devices in the present invention. Each type of 
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engine sound data is downloaded from the server 110 for serving many types of 
automobiles. 

[0077] While preferred embodiments of this invention have been disclosed herein, 
those skilled in the art will appreciate that changes and modifications may be made therein 
without departing from the spirit and scope of the invention as defined in the appended 
claims. 
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